Lifestyle and osteoporosis in middle-aged and elderly women: Chiba bone survey Ichiro Tatsuno 1) , Takashi Terano 2) , Mitsugu Nakamura 3) , Kiminori Suzuki 4) , Kazuko Kubota 5) , Jyunichi Yamaguchi 5) , Tomohiko Yoshida 6) , Sawako Suzuki 6) , Tomoaki Tanaka 6) and Makio Shozu 7) ior. Women were defined as underweight (BMI<18.5), non-obese (BMI 18.5-29.9), and obese (BMI was >30). Alcohol use was defined as regular consumption at one time or more per week. Regular exercise was defined as any kind of physical activity 3 or more times per week. Bone mineral density (BMD) was measured using several methods including dual-energy X-ray absorptiometry (DXA) at the lumbar spine (L2-4) (1.2% of total measurements), hip (0.5%), and forearm (27.0%), quantitative ultrasound of the calcaneus (23.5%), and computed X-ray densitometry (CXD) at the second metacarpal (47.1%) [16] . BMD was expressed as percentage of the average for a young adult (young adult mean, YAM) at peak bone density (20-44 years old).
Statistical analysis
Data were expressed as mean ± SD or numbers or percentages. We used Fisher's exact test for nominal variables and unpaired t test for continuous variables between two groups, and χ 2 test among 3 or more groups for nominal variables to evaluate the differences. A multiple logistic regression analysis was used to find predictors and odds ratios (OR) with 95% confidential intervals (95% CI) for bone fracture and dieting behavior before and after adjustment with characteristic variables. P < 0.05, two-tailed, was considered statistically significant. All statistical calculations were performed with IBM SPSS Statistics ver. 18 (SPSS, Chicago, IL).
results
In this study, we analyzed 64,809 Japanese women aged > 40 years, consisting of 13.0% at 40 years, 8.1% at 45 years, 12.4% at 50 years, 12.6% at 55 years, 17.5% at 60 years, 20.4% at 65 years, and 15.9% at 70 years, respectively. Mean age was 56.9±9.9 years, and mean BMI was 22.2±3.1 kg/m 2 . Family history of kyphosis was 17.6%, and family history of hip fracture was 6.3%. DM was observed in 3.3%, dyslipidemia in 11.9%, kidney disease in 2.5%, liver disease in 1.8%, and thyroid disease in 4.7%. Menstruation was present in 31.1%. Alcohol use was positive in 33.8%, and 7.9% were current smokers. Women doing regular exercise 3 or more times per week represented 19.0%. A history of unexpected fall within the recent 12 months was observed in 4.0%. Present and past dieting behavior (dieting group) existed in 4.1% (present dieting, 0.68%; and past dieting, 3.45%).
to not only low bone mass but also bone quality in relation to women's lifestyle such as alcohol use and T2DM [15] , we analyzed women's lifestyle by focusing on bone fracture during the most recent 5 years, and found that bone fracture was closely associated with not only low bone mass but also with a lifestyle comprising dieting behavior, exercise, and alcohol use in addition to T2DM and kidney disease in middle-aged and elderly Japanese women.
Methods

Study population
In 2000, the Japanese government revised a law termed "Health and Medical Service Law for the Elderly" [8] , in which medical examinations for postmenopausal osteoporosis was recommended to local governments. Based on this law, Chiba City started the Chiba bone survey in cooperation with the Chiba City Medical Association. This was a multicenter, population-based, cross-sectional survey carried out from 2001 at 220 medical clinics in Chiba, Japan. A total of 267,745 women in the age groups of 40 and 50 years between 2001 and 2004, and at 40, 45, 50, 55, 60, 65, and 70 years between 2005 and 2009 (based on resident registrations) received notices of medical examinations for osteoporosis by mail, and 69,837 (26.1%) of them underwent the examination. In the study, we used only the first-time data of 64,809 women, excluding all data of repeat-examinations. The study was approved by Chiba City Public Health Office, and the Ethics Committee of Sakura Hospital, School of Medicine, Toho University.
Main outcome
The event of bone fracture during the most recent 5 years was used as criterion, since we studied the relation between recent lifestyle and bone fracture.
Outcome assessment
All participants underwent anthropometric measurements to calculate body mass index (BMI; weight (kg)/height (m) roid disease. Although non-obesity (underweight and non-obese) was 95.6% in the dieting group, the women with dieting had significantly higher BMI, younger age, higher BMD, and higher rates of obesity, menstruation, DM, alcohol use, current smoking, regular exercise, and recent history of fall, and had significantly lower rates of giving birth and osteoporosis. Bone fracture occurred in 6.1%, which tended to be higher than the 5.2% rate without dieting (p=0.055) ( Table 3) .
The risk factors associated with bone fracture were evaluated by logistic regression model ( The number of women with any type of past bone fracture was 13,209 (20.4%), and bone fracture during the most recent 5 years (5-year fracture) occurred in 3421 women (5.3%). Since we studied the relation between recent lifestyle and bone fracture, 5-year fracture was used as parameter. The prevalence of 5-year fracture was 3.4% at 40 years, 3.4% at 45 years, and 3.3% at 50 years (Fig. 1A ). This parameter increased in an age-dependent manner with menopause, being 5.1% at 55 years, 5.9% at 60 years, 6.7% at 65 years, and 6.9% at 70 years (Fig. 1A) .
The mean value of BMD was relatively stable before menopause, 99.9±10.1% at 40 years, 99.6±11.0% at 45 years, and 98.1±10.6% at 50 years ( Fig. 1B) . It decreased in an age-dependent manner thereafter, being 90.8±12.2 at 55 years, 84.6±12.3% at 60 years, 81.2±13.3% at 65 years, and 78.7±14.4% at 70 years ( Fig. 1B) . In the present study, we defined osteopenia with BMD between -1SD and -2.5 SD at 40 years old (90>BMD>74%), and osteoporosis with BMD less than -2.5 SD at 40 years old (BMD<74%).
The bone fracture group (5-year fracture) had significantly higher age, BMI, and prevalence of delivery, family histories of kyphosis and hip fracture, DM, dyslipidemia, kidney disease, regular exercise, fall, and osteoporosis, and had significantly lower BMD and proportion of menstruating subjects (Table 1) . Present and past dieting was observed in 4.8% of the fracture group, which tended to be higher than the 4.1% rate without fracture (p=0.055), although the difference was not significant (Table 1) .
We examined the role of DM in bone fracture, and the subjects were categorized into groups with and without DM ( Table 2 ). The two groups had similar family histories of kyphosis, prevalence of thyroid disease and current smoking. However, women with DM had significantly higher age, higher BMI, higher prevalence of obesity, delivery, family history of hip fracture, dyslipidemia, kidney disease, liver disease, recent history of fall, dieting and osteoporosis, and had significantly lower BMD and proportion of menstruation, alcohol use and regular exercise ( Table 2 ). Fracture occurred in 7.6% of those with DM, significantly higher than 5.2% without DM (Table 2) .
In order to analyze the role of dieting, the subjects were categorized into groups with and without dieting behavior ( Table 3 ). The two groups had similar family histories of kyphosis and hip fracture, prevalence of dyslipidemia, kidney disease, liver disease and thy- present study. There are thought to be several possibilities. It is known that bone fragility is dependent not only on bone mass but also bone quality [1] . Dieting behavior might affect bone quality through insufficient intake of nutrients such as calcium and vitamin D. In addition, the dieting group had several poor lifestyle features, such as higher rates of DM, alcohol use, current smoking, regular exercise, and recent history of fall. It is possible that the combination of these poor lifestyle choices might affect bone quality.
It was also of interest that exercise (3 or more times per week) was one of the independent risks for fracture. Since a systematic review of randomized trials showed that both impact and non-impact exercise have a positive effect on BMD at the lumbar spine in preand postmenopausal women [20] , and exercise such as volley ball, swimming, walking and tennis was significantly associated with high bone mass in the present study (unpublished observation), there might be differing effects of exercise on BMD and fracture. Although details of this discrepancy between BMD and fracture were obscure, it is quite likely that exercise is linked to accidental falls, a risk of fracture. Therefore, exercise should be carefully performed, and especially by the elderly.
Alcohol use has been established as a risk for fracture on the basis of a meta-analysis of postmenopausal women [21] , in which no significant increase in risk was observed at a daily intake of 30 g or less of pure alcohol. Therefore, it was notable that alcohol use of only once or more per week presented a risk for bone fracture. Although we do not know the reason why Japanese women are susceptible to alcohol, there are at least two possible mechanisms: 1) since both height and weight of Japanese women are much lower than those seen in Western countries [22] , a smaller amount of alcohol would still produce a relatively higher intake of alcohol per body weight, and 2) Asian ethnicity itself is known to be a risk for bone quality and fracture [15, 23] . These factors might be enough to affect bone quality even with a lesser alcohol intake.
In the present study, current smoking was tended to be associated with fracture, but the risk was not significant (p=0.072). Although smoking has been clearly established as a risk factor for bone future [24] , the precise reason for this relatively lower risk in the present study was not clear, and further investigations in Japanese women are warranted.
In addition, DM and kidney disease were signifi- (Table 4) .
Discussion
We analyzed 64,809 Japanese women aged > 40 years old in the Chiba bone survey between 2001 and 2009. The incidence of 5-year fracture was stable until 50 years old, after which it increased in an age-dependent manner. This was consistent with the change in BMD, reflecting the effect of menopause, since osteoporosis is one of the clinically important pathologies related to long-term estrogen deficiency in postmenopausal women [3, 4] . Logistic regression analysis revealed that bone fracture was independently associated with age, family histories of kyphosis and hip fracture, DM, kidney disease, menopause, alcohol use, exercise, fall, and present and past dieting in addition to low bone mass.
Present and past dieting is unique among the risk factors for bone fracture. Since a pandemic of obesity has been observed concomitantly with the incrementally aging population in the world [6, 9] , there is evidence of social pressure to be thin and, especially for women, of a weight bias [14] . A great number of people are exploiting weight control practices, ranging from weight loss diets to pills [17] . The relationship between dieting behavior and low bone mass has been reported [18] . Osteopenia or osteoporosis was observed in one-third of obese premenopausal women with a history of restrained eating, as was low bone mass, and they could not be explained by present dietary intake, levels of physical activity, or indices of stress, inflammation and bone turnover [18, 19] . However, the dieting group had a significantly higher BMD with several protective factors including a lower mean age and a greater proportion with menstruation in the present study.
The pathophysiological mechanism of dieting behavior in relation to bone fracture remained unclear in the and we had to use several alternative methods as well for its measurement [8, 16, 32] .
In conclusion, bone fracture was closely associated with not only low bone mass but also the lifestyle factors of dieting behavior, exercise, and alcohol in middle-aged and elderly Japanese women. Women's health care should focus on their lifestyle to prevent bone fracture in postmenopausal osteoporosis.
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cantly associated with bone fracture in the present study. DM is reported to be a significant risk for bone fracture, and not only type 1 but also type 2 [25] . DM may affect osteoporotic fractures through not only diabetic complications of neuropathy and retinopathy to cause frequent falls, but also by bone metabolism itself [25] . The relationship of osteoporosis with increasing fracture risk has been well studied in not only endstage kidney disease [26] , but also moderate renal dysfunction [27, 28] . Recently, it was further indicated that postmenopausal women with mild kidney disease (stage 2) are at increased risk for BMD decrease and vertebral fracture [29] .
Our study has several limitations. The percentage of examinees of the total subjects was 26.1%, which may not be high enough to represent all middle-aged and elderly women in Japan. Since our program was not legally binding, but rather was a recommendation for residents, some bias may have resulted from the fact that the examinees might have been well educated and interested in their own health not only in terms of osteoporosis but also lifestyle including nutrients. In addition, we used the history of fracture as an event based on structured, nurse-assisted, and self-administered questionnaires, although the fracture was not confirmed by x-ray. Since postmenopausal women have been reported to have osteoporotic fractures, especially vertebral fractures, without clinical symptoms [30] , the prevalence of fracture might actually have been underestimated in the present study. Although it was also known that previous fracture presented a risk of subsequent fracture [31] , bone fracture during the most recent 5 years was used as criterion, and the effect of previous fractures before this 5-year period was not evaluated. In the measurement of BMD, although DXA is a standard method, the availability of this equipment was insufficient to measure the large number of examinees,
